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Fatigue Crack Growth Rate Equation by Crack Closure
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ABSTRACT

We propose the crack growth rate equation which will model fatigue crack growth
rate behavior such that constant stress amplitude fatigue crack growth behavior can
be predicted. Constant stress amplitude fatigue tests are conducted for four materials
under three stress ratios of R=0.2, R=0.4 and R=0.6. Materials which have different
mechanical properties i.e. stainless steel, low carbon steel, medium carbon stee] and
aluminum alloy are used. Through constant stress amplitude fatigue test by using
unloading elastic compliance method, it is confirmed that crack closure is a close
relationship with fatigue crack propagation. We describe simply fatigue crack propaga-
tion behavior as a function of the effective stress intensity factor range (AKu=U"*
AK) for all three regions (threshold region, stable region).

The fatigue crack growth rate equation is given by

da / dN:A(AKeff— AKo)m / (Ach_ AK)
Where, A and m are material constants, and AK, is stress intensity factor range
at low AK region. K is critical fatigue stress intensity factor.
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Fig.1 Fatigue Test Specimen(CT)
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Fig2 Block Diagram of Experimental Measure-
ment
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Fig.3 Fatigue Crack Growth Rate vs. SIF Range
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Table 1. Characteristics of Computer and
Converter

CPU ! Intel 80286

Personal Computer Clock - 10 MHz
(IBM PC) ROM : 64kB
RAM : IMB

Channel : 16CH
Resolution - 12Bit
Conversion Speed : 100kHz

A/D Converter

Channel : 2CH

D /A Converter Resoutlion : 12Bit

Table 2. Mechanical Properties

Settling Time : 5 MicrosecondJ
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Properties Young's Yield Tensile Elongation Poisson’s
Modulus Strength Strength Percent Ratio
Materials E(Mpa) o,,(MPa) 6.(MPa) (%) )
Stainless Steel 201X10° 250 650 70 0.30
Hot-rolled Steel|  2.05X10° 340 580 20 0.26
Carbom Steel 2.10X10° 290 466 32 0.29
Aluminum 6.85X10° 285 310 11 03

Table 3. Load Condition(Constant Stress Amplitude Test)

Material Poax(KN) Pain(kN) Stress Ratio (R)
858 172 02
Stainless Steel (304) 9.16 366 04
1349 8.09 06
9.81 1.96 0.2
Hot-rolled Steel (50) 11.28 451 0.4
15.70 942 0.6
9.81 1.96 02
Carbon-Steel (1020) 12.26 491 04
17.17 10.30 06
— 4.66 0.93 0.2
Aluminum (6061) 5.23 2.09 04
6.38 3.83 0.6
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Fig4 Fatigue Crack Growth Rate vs. SIF Range
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Fig5 Fatigue Crack Growth Rate vs. SIF Range
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Fig.6 Fatigue Crack Growth Rate vs. SIF Range
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Fig.9 Crack Opening Ratio vs. Kmax
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Fig.10 Crack Opening Ratio vs. Kmax
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Fig.13 Fatigue Crack Growth Rate vs. AKex
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Material A m Ko(MPa/m) K«(Mpay/m)
Stainless Steel 2.60 E-04 131 20 54
Hot-rolled Steel 140 E-04 117 24 58
Carbon Steel 895 E-05 1.28 23 53
Aluminum 155 E-04 133 09 20 B
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